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Abstract
Storms have been impacting coastal morphodynamics directly due to its intensifying
effects over the years. Climate change has caused an exponential impact on storms and therefore
morphodynamic changes in the coasts. A specific land that has constantly been threatened is
Dauphin Island, a barrier island in Alabama. Over time, it has experienced a total land loss of 100
ft of shoreline over the past of 3 decades and an overall 16% land loss of the island due to the
intensifying effects of storms due to a changing climate. In this study, we use Hurricane Ivan as
an example. In order to analyze the effects of a future scenario we incorporate the effects of sea
level rise. Therefore, we compare three different scenarios of Hurricane Ivan including its current
scenario in 2004, current scenario with sea level and future scenario with sea level. Increases in
storm surge include wind speed, minimum central pressure and translation speed. These are all
factors affecting the breaching in the barrier island. We aim to show how climate change can
intensify the effects of hurricanes and impact coastal erosion by comparing a future climate with
current climate. We use Hurricane Ivan in Dauphin Island as a case study.
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Introduction
The effects of climate change have intensified over time. Some of the effects overall are
higher atmospheric temperatures and different precipitation patterns. Some consequences these
can bring is sea level rise, coastal erosion and varying wind patterns. A site that is currently
experiencing these effects significantly is Dauphin Island, Alabama.

Figure 1: Study location, Dauphin Island, AL (Ozkan et al, 2020)

Dauphin Island is known for being a port for commerce and naval transportation. It is
characterized as a barrier island located in Alabama’s coast shown in Figure 1. Specifically, it is
in the Gulf Coast and entrance to the Mobile Bay. It is known to have shallow profiles, with a lack
of sand dunes and natural defenses, and has lost about 100 feet of shoreline over the past three
decades (Gilbert, 2019). Due to these characteristics of the island, the western half of the island
has experienced short-term erosion rates of -4.7m/year (USGS, 2004). This rate is really high
compared to the average erosion rate varying from 0.3 to 2 mm/year (Ghimire, S et al., 2013).
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The island undergoes significant changes in its coastal morphology due to complex
hydrodynamic processes and the occurrence of storms. Due to this, the island has changed in shape
over the years. Overall, Dauphin Island has decreased in size by 16% over the years of 1958-2007
through shoreline and openings (Janasie, 2013). Throughout the years, storms and climate change
have made these effects worse. These effects include flooding, sea level rise, and higher wave
heights, which impact the morphological processes. In 2005, Hurricane Katrina destroyed 350 ft
of beach, and land was redistributed across the island. It also caused an opening known as “Katrina
Cut” of around 2000 m wide in the center of the island (Passeri et al., 2018).
The area has been restored by addition of rocks; however, the area remains to be vulnerable
to waves and storm surge. The West area is the most vulnerable area by its characteristic of low
dune heights, receiving the strongest effects of collision, overwash and inundation (Ozkan et al.,
2020). Although the western area of Dauphin Island is uninhabited, this puts to high risk of the
island disappearing and damaging homes and buildings for other sections of Georgia. For example,
Hurricanes Ivan and Katrina have collectively destroyed over 300 homes on the island (Janasie,
2013).
Figure 2 shows the initial bed level for each of the 3 boundaries assigned in Figure 6. These
transects include West, Middle and East. We can see how the Middle transect initial elevation is
the lowest with approximately -0.5m as its highest elevation. The West transect has the higher
initial bed level of approximately 1.2m and the East Transect has the highest value for bed level
reaching approximately 2.5m.
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Figure 2: Initial Profiles (Pre-storm Bed Levels) and Water Level (dashed line) for West, Middle and East transects
shown in Figure 6 (Ozkan et al, 2020)

There have been several attempts to reduce the rate of erosion in Dauphin Island including
the use of rip rap, groins, and beach nourishment shown in Figures 3 and 4. These methods have
been used as a temporary cure for erosion. The most significant project was the 2016 beach
nourishment project, which added 320,000 cubic yards of beach sand into the shoreline. This $7
million project has restored the shoreline that the island has been losing over time, especially that
lost during the early 21st century storms (Al.com, 2017). However, this short-term erosion solution
did not last long, Hurricane Nate, a Category 1 storm in 2017, washed off 20% of the sand. Due to
this, we aim to study how to prevent erosion without the need of recurrent nourishment projects
considering the effects of climate change in a future scenario.
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Figure 3: Rock groins and riprap are used to protect Dauphin Island, Alabama from beach erosion (USGS, 2005)

Figure 4: Beach nourishment project to protect Dauphin Island, Alabama from beach erosion (Al.com, 2016).

Climate change has been occurring overtime and its effects are more perceptible when a
natural disaster occurs. Hurricanes are very common in the Atlantic and Gulf of Mexico coastal

4

areas and they could impact up to 100 miles away from the coast due to the power they gain from
the water (Spengler, 2017). Specifically, Hurricane Ivan, being one of the strongest hurricanes
Atlantic, was a tropical storm that reached Category 5 and occurred in late September 2004 in the
Gulf Coast. Overall, hurricane Ivan caused $19.7 billion US dollars of damage as it reached 165
mph of wind. Figure 5 shows how Hurricane Ivan travelled across the Gulf of Mexico and reached
70 mi south of Dauphin Island as a Category 3 Hurricane with 120mph winds causing wave heights
to reach a maximum of 52 feet (NWS, 2016). Due to its disastrous impact on Dauphin Island, we
aim to imitate these effects in our study to understand potential climate change impacts and the
potential for devastation over the next century.

Figure 5: Hurricane tracks of Ivan and Katrina (Ozkan et al, 2020).
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The purpose of this study is to analyze the effects of storms in a future climate to understand
and prevent further erosion on the coast. We will explore the impacts of climate change by
modifying Hurricane Ivan future scenario to reflect changing storm conditions, by, for example,
adjusting the values of maximum wind speed, minimum central pressure, size, translation speed,
and sea level to reflect what has been projected for the 21st century. We will then compare the
present Ivan scenario, the present Ivan scenario with sea level rise of 1 m and the future scenario
with sea level rise of 1 m. Our results will show how the morphodynamics around Dauphin Island
may change during a storm in a current, a current with sea level rise and a future climate with sea
level rise as the effects of climate change intensify over time.
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Literature Review
Passeri, D., Bilskie, M., Plant, N., Long, J., Hagen, S. (2018) Dynamic modeling of
barrier island response to hurricane storm surge under future sea level rise. Climatic
Change
Passeri, D. et al (2018) assesses and compares the morphological changes along Dauphin
Island, Alabama caused by Hurricanes Ivan and Katrina. Dauphin Island, lying in the Gulf of
Mexico, has had morphological changes over the years due to storm-driven overwash and
breaching. Hurricane Ivan, in 2004, caused extensive overwash and Hurricane Katrina, in 2005,
caused a breach of 2000m wide in the middle of the Island. Sea level rise (SLR) is assessed on this
area by the use of numerical models ADCIRC and XBeach to simulate the storm-driven
morphological impacts of both hurricanes. Some inputs for the model include hourly significant
wave heights, mean wave directions, and peak wave periods in order to generate a time-series of
JONSWAP spectra.
Although both Hurricanes make landfall as Category 3 on Dauphin Island, results confirm
that Katrina undoubtedly was a stronger storm by its powerful impact and effects. Results show
that higher sea levels will result in increased flooding and overwash for longer durations in both
storms. It can be concluded that Ivan’s effects were not as significant as Katrina’s due to its higher
strength and impact. The relationship between increased storm-induced water levels due to SLR
and the net loss in the subaerial island were nonlinear for Hurricane Ivan as results show there was
a higher net loss in the low SLR scenario than the present-day scenarios which showed an increase
in sediment deposition. In Hurricane Katrina simulations, maximum water levels were increased
in both scenarios due to its higher water levels and winds. The overall effects of higher SLR on
Dauphin Island’s coast are that there were increased inundations and overwash spatially. To
conclude, this study improves the understanding of the long-term evolution of this island during
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storm events. Compared to our study, we incorporate the future scenario impact of the Hurricane
in 100 years in addition to the effects of sea level rise.
Passeri, D., P. Dalyander, P., Long, J., Mickey, R., Jenkins, R., Thompson, D., Plant, N.,
Godsey, E., Gonzalez, V. (2020) The Roles of Storminess and Sea Level Rise in Decadal
Barrier Island Evolution. Geophysical Research Letters, 47, e2020GL089370.
https://doi.org/ 10.1029/2020GL089370
Passeri, D et al. (2020) show the fundamental role of the barrier island of Dauphin Island,
Alabama to protect the coastal communities from flooding. However, the future scenario
showing intense storms and high sea levels predicts sea level rise which threatens barrier
islands to disappear. These morphological processes include swash erosion, collision,
overwash and inundation. The island has been highly impacted by strong storms like
Hurricane Ivan and Katrina causing extensive overwash and breaching in the middle.
Passeri, D et al. (2020) use different two-dimensional dynamic model approaches
including Delft3D, XBeach and Empirical Dune Growth (EDGR). Delft3D was used to
simulate waves, tides, sediment transportation and subaqueous bed level change in long-term
scenario simulations. XBeach is used to simulate storm-driven waves, water levels and
morphological change. EDGR is used to model the cross-shore profiles of Dauphin Island
through using inputs of dune height and dune location. For successful modelling, the subaerial
elevations from EDGR and subaqueous elevations from Delft3D were used as inputs to
XBeach to simulate the morphological changes in the coast of Dauphin Island. These models
were also simulated to show the effects of sea level rise and storm evolution in a future
scenario over a 10-year period.
Comparing to our study, Davina et al (2020) test different levels of storminess and sea
level rise within 10 years of study showing a total of 12 climate scenarios. It concludes how
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the disappearing of land on Dauphin Island could occur sooner than predicted by the LorenzoTrueba and Ashton (2014) model by the increase of sea level rise and storminess effects.
These effects resulted in loss of height and width causing an overall significant land loss
unable to be recovered. The results of this study provide a better understanding of the response
of a barrier island to storms and sea level rise over a period of a decade.

Ozkan, C., Perez, K., Mayo, T. (2020) The impacts of wave energy conversion on coastal
morphodynamics. Science of the Total Environment

Ozkan, C., Perez, K., Mayo, T. (2020) have reviewed twelve different studies that assess
the impacts of Wave Energy Converters (WECs) on coastal morphodynamics in different countries
being U.K., Spain, Mexico, Ireland, South Korea, Romania and others. WECs can convert wave
energy into electricity by extracting energy from the motion of waves and pressure fluctuations
below the ocean surface. Therefore, there has been an increased number of studies showing the
potential of WECs to decrease coastal erosion and ameliorate the coastline without the short-term
solution of recurrent beach nourishments while also providing renewable energy to local
communities. Studies have shown up to 30% reduction in significant wave heights in the presence
of wave farms, and this percentage varies depending on the type of WEC, the distance of WEC
farm to the coast, initial wave conditions and WECs configurations (Abanades et al., 2014a).
Bergillos et al. (2018) findings show a 44.5% reduction in erosion in part of the beach and 23.3%
in the entire Spanish coast.
Stokes and Conley (2018) overall results show how wave height would decrease causing
an increment of sediment transportation to the shore and therefore less erosion occurring on the
Ireland shoreline. Under the different profile scenarios, the beach profile with a WEC in operation
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is predicted to have more sediment volume indicating how the presence of a WEC at Westwave
test facility can provide coastal protection.
By comparing these studies, it can assess the best approaches and conclusions that can be
used for future studies. Numerical modeling includes wave modeling used to simulate the behavior
of the wave climate. The most used wave models include the Simulating Waves Nearshore
(SWAN) and Delft3D-WAVE. In regard to morphodynamic modeling, XBeach is the most
prevalent to estimate coastal erosion and beach profile changes during storms. The experimental
modeling approaches use wave basin and flume experiments to model the impacts of WECs on
coastal erosion. Ozkan et al. (2020) assess that numerical modeling is the most used approach
compared to experimental approaches.
Findings show how erosion rates vary with the local coastal sediment composition, local
dominant wave direction, local bathymetry and local vegetation. However, it is concluded that for
most studies, there is a reduction in coastal erosion as WECs act as a physical barrier against
waves. Through this review, we identify several research gaps including long term studies and the
optimal design, type and position of WEC farms in the shore to maximize its output as an energy
generator and a coastal barrier. Additionally, there are many studies done around Europe and future
studies should consider conducting them in the Americas in order to assess the impacts of WECs
around its specific coastline.
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Research Question and Hypothesis
The potential of coastal morphodynamics changes in a future climate scenario is still
unknown in studies but it is expected to increase erosion in most geographical areas in the coast.
Some studies have explored the impacts of sea level rise; however, the effect of changing
hurricanes has not been largely examined. It is also expected that the erosion rates and coastal
morphological changes will vary spatially.
The future climate shows a need of an increase of beach nourishment projects being done
in high-risk coasts like Dauphin Island. Beach nourishment is a reoccurring project that has to be
done every few years depending on the area, type of rock and location. Therefore, they are used as
short-term solutions. Studies on coastal morphodynamics are needed for civil engineering planning
and management as a long-term solution in the barrier island.
We hypothesize that the conditions of storm Ivan in a future scenario with sea level rise
will show increased storm surge and morphological change throughout the coast compared to both
present Ivan conditions. However, it is expected that present Ivan with sea level rise will show
more of an impact with similar storm surge compared to present Ivan conditions. We have to take
into consideration that present Ivan scenario may have some error as it is run by the model as well.
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Methodology
To observe the behavior of the coastal morphology, we need to implement a dynamic
modelling approach. We use XBeach, a two-dimensional model that assesses wave climate
including sediment transport and morphological changes of the nearshore area. For this, we
analyze the effects of storm surge, storm waves and morphological erosion processes. In previous
studies, XBeach has been used to effectively simulate storm-driven dune erosion, overwash,
inundation, breaching, and seaward sand transport (Passeri, D. et al, 2018).
In this study, the current effects of Hurricane Ivan will be analyzed in three different scenarios
using existing data. These three scenarios include current Ivan 2004, Ivan 2004 with sea level rise,
and a projected Ivan 2100 with sea level rise. Projected Ivan 2100 reflects Hurricane Ivan under a
climate change signal, which will impact its maximum wind speed, minimum central pressure,
size, and translation speed. The scenario with sea level rise is to simulate the future climate
assuming sea level rise only while the scenario with both projected Ivan 2100 and sea level rise is
to more fully represent what might be expected in a future climate. The projections of future sea
levels were derived from the U.S. Army Corps of Engineers (USACE) sea level curve calculator
version 2017.55 where the high scenario is 0.96 m as we rounded it to 1 m in our model (Passeri
et al, 2020).
The XBeach model takes wave and tidal conditions over the duration of the run as inputs. It
then gives the nearshore water levels and the beach profile as the output, which allows us to
compare the beach profile with and without climate change effects to analyze current and future
effects. We will be modelling the coastal morphodynamics after current Hurricane Ivan with and
without climate change impacts. The differences of the coast will be assessed to understand the
coastal morphodynamics under a changing climate during an extreme natural disaster like a
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Hurricane. The domain used for XBeach covers 6 km seaward, 3.5 km landward and 2 km eastward
of Dauphin Island shown in Figure 6. There are 3 transects used along the island to analyze the
difference in effects of sea level and storm surge in the East, Middle and West.

Figure 6: XBeach Model Domain, pre-simulation elevations (m, NAVD88), and cross-shore transects (red lines)
analyzed in this study (Ozkan et al, 2020).

For the storm surge domain in XBeach, we use gathered data from 4 boundaries close to
Dauphin Island shown in Figure 7. The boundaries are located in the SW, NW, NE and SE of
Dauphin Island.

Figure 7: XBeach Storm Surge Boundaries of gathered data in Dauphin Island, AL.
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Storm surge is first modeled using the Advanced Circulation (ADCIRC) Model which
simulates coastal hydrodynamics (Luettich et al., 1992). ADCIRC is a numerical hydrodynamic
model (Luettich et al., 1992) that stimulates storm surges, flooding, tides and wind driven
circulation. ADCIRC is of best use to model overland surge and flooding in regions of shallow
water (Passeri et al., 2013), making it ideal to explore hydrodynamics of Dauphin Island. ADCIRC
takes data describing atmospheric conditions as input, and then produces the corresponding water
elevations and storm surges.
The input data used is produced by the Weather Research and Forecasting (WRF) Model
(Skamarok et al., 2005). WRF is a three-dimensional numerical weather model that allows us to
simulate actual or projected atmospheric conditions, which will help us model our different
scenarios for current and future climates to analyze the storm surge effects of hurricanes on the
coast of Dauphin Island. Specifically, we use the WRF simulations presented in Gutmann et al.
(2018) for Hurricane Ivan. In this study, WRF version 3.4.1 is used with a 5,440 km (east-west)
by 4,064 km (north-south) domain that included the U.S. and portions of Canada, Mexico and the
Caribbean shown in Figure 8 below.

Figure 8: Domain of the Weather Research and Forecasting (WRF) Model (Camelo et al., 2020)
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WRF is implemented to simulate climates with Hurricanes that occurred within the time
period of October 2000 and September 2013 (Gutmann et al, 2018). The initial conditions used
are from ERA-Interim dataset (Dee et al., 2011), which specifies atmospheric conditions such as
wind, temperature, humidity and pressure (Camelo et al., 2020). Additionally, we use climate
change signal created from the Representative Concentration Pathway (RCP) 8.5 (high emissions)
scenario modeled in the Intergovernmental Panel on Climate Change (IPCC) Fifth Coupled Model
Intercomparison Projects (CMIP5). RCP is a greenhouse gas trajectory for greater climate change
impacts. We use RCP 8.5 to simulate the worst-case climate change scenario being an
overestimation of projected coal outputs. This trajectory is shown in Figure 9. Then, we apply the
RCP scenario to the WRF boundary conditions to simulate the same hurricanes under an end of
century climate scenario. These hurricanes are then used as inputs to the ADCIRC model so the
corresponding storm surge can be modeled. Finally, the final input will be inserted into XBeach
model.

Figure 9: IPCC Representative Concentration Pathways (Wikipedia, 2021)
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To summarize the methodology process, we include the following flow chart in Figure 10.

RCP
Scenario

Global
Climate
Models

WRF

ADCIRC

Figure 10: Flow Chart of XBeach Model Process
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XBeach

Results
The outputs of the storm surge simulation in present day, present day with sea level rise
and future Ivan with sea level rise on Dauphin Island are shown in Figures 12, 13 and 14. Present
day Ivan with sea level rise show a higher intensity of storm surge compared to the future climate.
Although incorporating sea level rise for a future scenario Ivan, the intensity of storm surge shows
a decrease in intensity of Dauphin Island. These parameters include wind speed, minimum central
pressure, and translation speed. Ivan This shows how erosion should not be as in a future climate
compared to the current climate. However, compared to Ivan, other researches show how
Hurricanes Isaac, Dennis and Isidore do show how storm surge intensities gets worse in the future.
However, if we do not consider storm surge, our results do show an increase in sea level in a future
climate with higher erosion rates (Camelo et al., 2020).
The total volume inundated, Ivan shows a -25% decrease in volume, being one of the
storms with a higher decrease in volume. However, the average of storms in average change to
inundation volume is an increase of 36 (Camelo et al., 2020). Wind speed predicts an increase of
+1ms-1, a -6km decrease in radius of 33ms-1 wind, a -0.4ms-1 decrease in translation speed and a
decrease of -1hPa in central pressure. These storm surge characteristics are summarized in Figure
11. Red symbolizes the parameters will cause intensification of the storm while blue symbolizes
the weakening of the storm. This shows how overall storm surge in the future will ameliorate
compared to present conditions. These conditions were proved in Gutmann et al. (2018). Increase
in wind speed, radius and volume as well as a decrease in translation speed and pressure cause a
stronger impact.
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Figure 11: Differences in average hurricane storm surge characteristics (Gutmann et al, 2018)

Figure 12 shows three XBeach results being Present day, present day with sea level rise
and end of century with sea level rise in the four different boundaries shown in Figure 7. Present
day scenario shows the normal conditions of wave behavior until Hurricane Ivan occurred in the
time 200 where there is a higher wave height that varied from -0.25m to almost 1m. The presentday scenario including sea level rise, it shows the same difference of the effects except that
elevation is 1 meter higher, therefore during Ivan wave height would reach almost 2m.
In the end of century scenario including sea level rise it shows the same average elevations
as the second scenario but with smaller wave heights during the storm compared to the other two
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scenarios. This is because as we see in Figure 11 volume and radius predicts to be smaller for
Hurricane Ivan causing an overall decrease in storm surge.

Figure 12: XBeach Results showing elevation vs. time in Present-day, end of century sea level rise and end of
century sea level rise with storm surge

After modelling in XBeach, we get the results for the three different scenarios shown in
Figure 13. Figure 13A shows the storm surge levels as Ivan occurred when inputting the current
data into the model. We can clearly see a difference in storm surge levels, Figure 13B being present
scenario with sea level shows having the worst effects on the coast due to increased levels of land
loss and erosion. Figure 13C is the future scenario of Ivan with sea level rise, that shows similar
surge levels as 13B but with a slightly higher elevation overall.

A
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B

C
Figure 13: XBeach output (A) Storm surge levels in present storm Ivan. (B) Storm surge levels in present storm Ivan
with sea level rise. (C) Storm surge levels in future storm Ivan with sea level rise.

A
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B

C
Figure 14: XBeach output (A) Storm surge levels in present storm Ivan. (B) Storm surge levels in present storm Ivan
with sea level rise. (C) Storm surge levels in future storm Ivan with sea level rise.
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Figure 15: Bar chart showing percent (%) of Area Inundated (m2) in each scenario.
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Percent of Volume Eroded
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Figure 16: Bar chart showing percent (%) of Volume eroded (m3) in each scenario.

In Figure 15, we can see the percent change of inundated area in Dauphin Island in
our three scenarios. The present scenario of Ivan as it happened shows a 29.2% of total area of
1.42x107 m2 being inundated. The present scenario with sea level rise shows a 63.6% of total area
being inundated, making a 34.4% increase from present Ivan scenario. The future scenario with
sea level rise results in a 57.2% of total area being inundated, making a 28% increase from present
Ivan scenario.
In Figure 16, we show the percent of volume eroded from Dauphin Island in our
three scenarios. The present scenario of Ivan as it happened shows a 2.4% of total volume being
eroded. The present scenario with sea level rise shows a 4.1% of total volume being eroded, being
a 1.7% increase from present Ivan scenario. Finally, future scenario with sea level shows a 3.9%
of total volume eroded, being a 1.5% increase from present Ivan scenario.
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We can then compare the data in Figures 15 and 16 to Figures 13 and 14 as they
correlate to the data predicted in land loss and erosion occurring for the three different scenarios.
Present scenario with sea level has the most intensifying effects of Hurricane Ivan occurring in
Dauphin Island as the future prediction shows that Ivan would decrease in total volume and radius
causing a decrease in storm surge.

23

Conclusions
In this study, we analyze how storms affect erosion and coastal morphodynamics in a future
climate storm compared to current Hurricane Ivan storm in 2004. Results show higher storm surge
intensity in current Ivan with sea level rise compared to the future scenario Ivan. Studies have
shown how hurricanes would act in a future climate and Hurricane Ivan showed having the highest
decrease in volume and radius compared to other storms. This conclusion makes our results unique
for this particular storm, causing a present climate with sea level be more intense than a future
climate with sea level rise. However, if we consider other storms with increase overall storm surge
characteristics like Hurricane Irene or Jeanne (Figure 10) we would expect to see an increase in
land loss and erosion in the future climate with sea level compared to present day scenarios.
Therefore, it is important to analyze each location’s storm surge effects to have a more accurate
response to predict a future climate.
Although storm surge intensity for Hurricane Ivan is predicted to decrease in the future,
studies show sea level will increase in a near future. Higher sea level rise in an island like Dauphin
Island causes a very high risk of it disappearing specially if there are upcoming storms with higher
intensities in the future which can then cause bigger breach and increase of land loss. This study
provides better understanding of risk and response of a barrier island undergoing storms in a
climate change.
This study also shows the importance of including storm surge in our future climate study
in Dauphin Island, Alabama. Most studies show how climate change worsens the effects of wave
climate on the coast, however in this particular hurricane shows a decrease in storm surge in its
future due to a decrease in radius and therefore volume.
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